ABSTRACT. High plasma homocysteine (Hcy) levels may be responsible for vaso-occlusive episodes and may have acquired and/or genetic causes. This cross-sectional study aimed to investigate the role of methylenetetrahydrofolate reductase (MTHFR; C677T; A1298C) and cystathionine-b-synthase (CBS; T833C/844ins68, G919A) polymorphisms in serum levels of folic acid, vitamin B12 and Hcy, and to verify a possible association between these polymorphisms and the clinical variability. Blood samples of Brazilian patients with a diagnosis of thrombosis were submitted to genotyping by PCR-based methods and serum dosages of folic acid, vitamin B12 and Hcy. Except for the CBS G919A polymorphism, all other genetic markers were in HardyWeinberg equilibrium. An increased risk for venous thrombosis was found for the MTHFR 1298CC carriers (OR = 1.688; 95%CI = 0.839-3.398, P = 0.018) and those homozygously mutant for the CBS haplotype 844ins68/T833C (OR = 2.488; 95%CI = 0.501-12.363, P = 0.031), while heterozygous for this CBS haplotype showed an increased risk for higher Hcy levels (OR = 5.900; 95%CI = 1.003-34.691, P = 0.030). Significant interactions were observed among the MTHFR C677T, MTHFR A1298C and CBS haplotype 844ins68/T833C polymorphisms in the results for Hcy levels (P = 0.000), where heterozygous had higher values. Interactions among these polymorphisms can affect serum Hcy levels, where multiple heterozygosis could be a risk factor for vasoocclusive episodes.
INTRODUCTION
Thrombophilias are defined as a predisposition to venous or arterial thrombosis due to hematological changes inducing blood hypercoagulability. They are individually characterized by wide phenotypic variability, even when they occur within the same family (Miranda-Vilela, 2012) . Although hereditary thrombophilias are, in most cases, due to changes related to physiological coagulation, high levels of plasma homocysteine (Hcy) may also be responsible for vaso-occlusive episodes and may have acquired (nutritional deficiencies of vitamin B12, vitamin B6 and folate, advanced age, chronic renal failure and the use of anti-folic drugs) and/or genetic causes; the latter being typically caused by mutations in the genes responsible for expression of enzymes involved in the intracellular metabolism of Hcy -methylenetetrahydrofolate reductase (MTHFR, EC 1.5.1.20) and cystathionine b-synthase (CBS, EC 4.2.1.22) (Franco, 2001; Papa et al., 2001; Franco and Reitsma, 2001; Guimarães et al., 2009; Chong et al., 2012; Miranda-Vilela, 2012) .
Hcy is a sulfhydryl amino acid that has a toxic effect on endothelial cells, impairing generation of nitric oxide and prostacyclin, besides increasing platelet adhesion, activating factor V, inducing tissue factor activity and inhibiting tissue-type plasminogen activator (Previtali et al., 2011) . Thus, high levels of plasma Hcy have been proposed as an independent risk factor for both venous and arterial thrombotic diseases (Papa et al., 2001; Varga et al., 2005; Kaul et al., 2006) . Although its pathogenesis is complex, since genetic and environmental variables interact to determine plasma levels of Hcy (Franco, 2001; Buchanan et al., 2003; Miranda-Vilela, 2012) , inherited or acquired deficiencies in both its remethylation pathway (catalyzed by the enzymes methionine synthase, EC 2.1.1.13, and MTHFR, in a process that uses folate and vitamin B12 as cofactors) and its trans-sulfuration pathway (catalyzed by CBS, which uses vitamin B6 as a cofactor) can result in elevated plasma levels of this amino acid (Miranda-Vilela, 2012) .
Several mutations in genes MTHFR and CBS have been identified. Most are rare, with clinical consequences manifesting only in homozygous condition (Franco, 2001; Miranda-Vilela, 2012) . In contrast to this rarity, two single nucleotide polymorphisms (SNPs) in the MTHFR gene -C677T (dbSNP rs1801133) and A1298C (dbSNP rs1801131) -and in the CBS gene -G919A (dbSNP rs121964962) and T833C (dbSNP rs5742905) -, as well as a 68-bp insert in the CBS gene (844ins68), are prevalent and therefore should be highlighted in venous thromboembolism (VTE) and increased risk of premature artery disease (Franco, 2001; Franco and Reitsma, 2001; Marcucci et al., 2003; Miranda-Vilela, 2012) .
The MTHFR gene is located on chromosome 1p36.3, and transition C677T resulting in the substitution of an alanine for a valine is at position 222 (Ala222Val), which causes reduced enzyme activity with thermolabile protein properties; this is the most common genetic abnormality in Hcy metabolism (Blom, 2000; Varga et al., 2005; Miranda-Vilela, 2012; Vuckovic et al., 2013) . A second genetic polymorphism in the MTHFR gene (A1298C), resulting in alanine replacing glutamate at position 429 of the enzyme (Glu429Ala), has also been associated with reduced enzymatic activity. However, when it is found alone, it appears not to lead to severe enzyme deficiency nor be associated with hyperhomocysteinemia or reduced plasma folate levels (Blom, 2000; Miranda-Vilela, 2012) , although a significant association of the MTHFR A1298C polymorphism (but not of the MTHFR C677T) has been established with ischemic stroke in the Eastern Chinese Han population (Lv et al., 2015) . Compound heterozygosity for these two polymorphisms, i.e., individuals with the 677CT/1298AC genotype, has been associated with reduced enzyme activity, decreased plasma folate levels and elevated Hcy (Franco et al., 1999; Blom, 2000; Franco, 2001; Miranda-Vilela, 2012) .
The CBS gene is located on chromosome 21q22.3, and the G919A and T833C polymorphisms deserve note for having been identified as prevalent in clinical cases of homocystinuria, a genetic defect associated with severe hyperhomocysteinemia leading to obstructive coronary and peripheral vascular events (Bydlowski et al., 1998; Miranda-Vilela, 2012) . The G919A transition results in a serine protein replacing a glycine at position 307 (G307S), while the T833C transition results in threonine substituting isoleucine at codon 278 (I278T). Although CBS homozygous deficiency is rare, heterozygous deficiency is relatively common and leads to moderate elevation of Hcy (Miranda-Vilela, 2012) . Additionally, the CBS 844ins68 polymorphism has been found segregating in cis with CBS T833C. Although the insertion alone has been reported not influencing Hcy levels (Franco and Reitsma, 2001; Miranda-Vilela, 2012) , its presence in heterozygous has been found with increased frequency among patients with deep vein thrombosis (DVT) (Bonini-Domingos et al., 2005) . Moreover, in combination with MTHFR C677T polymorphism it can lead to increased risk of thromboembolic events (Blom, 2000; Franco and Reitsma, 2001; Miranda-Vilela, 2012) .
The efficient recognition and management of risk factors for thrombosis are very important for routine clinical treatment and prevention of this disease (Miranda-Vilela, 2012; Vuckovic et al., 2013) , taking into account that: 1) thromboses are events of multigenic and multifactorial etiopathology (Miranda-Vilela, 2012) ; 2) the presence of mutations in several genes significantly increases the risk of their occurrence; and 3) the vascular territory (venous and/or arterial) affected involves different pathophysiological mechanisms and treatments (Miranda-Vilela, 2012) .
Albeit frequent in different populations, these polymorphisms have shown great ethnic and geographical variability (Sebastio et al., 1995; Franco et al., 1998; Franco et al., 1999; Dilley et al., 2001; Franco and Reitsma, 2001; Miranda-Vilela, 2012; Antonio-Véjar et al., 2014) . As the Brazilian population is very mixed, primarily from five centuries of interethnic crosses among Europeans, Africans and Amerindians, and this miscegenation can influence the distribution of certain polymorphisms (Lordelo et al., 2012; Barbosa et al., 2014) , the objective of this study was to investigate the role of MTHFR (C677T, A1298C) and CBS (T833C/844ins68, CBS G919A) polymorphisms in serum levels of folic acid, vitamin B12 and Hcy in Brazilian patients with a diagnosis of thrombosis, and to verify a possible association between these polymorphisms and the clinical variability.
MATERIAL AND METHODS

Study design and participants
This was a cross-sectional study performed with 85 outpatients of both genders diagnosed with thrombosis, 14-56 years old, in treatment at Hospital de Base do Distrito Federal (HBDF), Brazil from February 2011 to January 2012.
Exclusion criteria comprised patients with deficiency of protein C, S or antithrombin activity, resistance to activated protein C, antiphospholipid antibody syndrome (APS), cancer, myeloproliferative diseases, nephrotic syndrome, prolonged immobilization, smoking, and chronic consumption of alcohol or substances affecting homocysteine metabolism (such as anti-folic drugs).
All procedures involving human subjects were approved by the Ethics Committee of the Health State Secretariat of the Federal District, and written informed consent was obtained from all registered volunteers, who were free to withdraw at any time during the study.
Procedures and measurements
Data were obtained from laboratory tests, questionnaires, medical records and anamnesis. Blood samples collected by venipuncture in Vacutainer tubes containing EDTA were used to carry out genotyping, while serum samples were used for biochemical dosages of folic acid, vitamin B12 and Hcy (~4 mL/tube).
Biochemical dosages of folic acid, vitamin B12 and Hcy
Freshly collected serum samples were immediately processed and analyzed by chemiluminescence in Siemens Centaur XP (folic acid, vitamin B12) and Immulite 2000 XPI (Hcy) equipment, using appropriate chemical reagents, controls and manufacturer protocols.
Genotyping of MTHFR C677T, A1298C, and CBS 844ins68, T833C, G919A genetic polymorphisms DNA was isolated from the leucocyte fraction by using a Blood genomicPrep Mini Spin Kit (GE Healthcare) purification kit, quantified by a NanoVue ® spectrophotometer (GE Healthcare), and amplified in a Veriti ® Thermal Cycler (Applied Biosystems). MTHFR genotyping followed Yi et al. (2002) , and CBS genotyping was performed according to Dutta et al. (2005) (844ins68 and CBS T833C), and Song et al. (2006) (G919A) ( Table S1 ). The PCR and the PCR digested products were separated by electrophoresis on 6% non-denaturing polyacrylamide gels and visualized by staining with silver nitrate.
Statistical analysis
The minimum sample size was calculated based on a power analysis from the quantitative data, considering the maximum tolerable sampling error ranging from 0.05 to 0.20, according to a higher or lower population variability in the reference intervals of the laboratory tests and the samples after stratifications of the total group (Ribeiro et al., 2013; Barbosa et al., 2014) .
The genotype distributions were tested for Hardy-Weinberg equilibrium (HWE) by the chi-square (c 2 ) test, using the Genepopweb Statistical Program version 4.1 (http://genepop. curtin.edu.au), where values of P > 0.05 were considered to be in HWE. The same program was used to calculate the allelic and genotypic frequencies of each locus, genetic diversity parameters and to test possible linkage disequilibrium between the loci MTHFR and CBS.
For the laboratory tests, statistical analysis was carried out using SPSS (Statistical Package for the Social Sciences) version 17.0. Quantitative variables were first tested for normal distribution with the Shapiro-Wilk test, to choose the most appropriate statistical test for each variable. Data were reported as means ± standard error, and values of P < 0.05 were considered to be statistically significant. Possible differences between genders in serum levels of folic acid, vitamin B12 and Hcy were evaluated by the t-test or the Mann-Whitney U test (non-normalized data), while differences in these biochemical parameters among genotypes, age groups and skin color were evaluated by ANOVA or the Kruskal-Wallis test (data not normally distributed), followed respectively by the Bonferroni or Mann-Whitney U tests. Age groups were stratified as: adolescents (14-19 years), young adults (20-40 years) and middleaged (41-56 years) (Freire et al., 2008) . Possible correlations between gender/age group, gender/skin color, age group/skin color, gender/genetic polymorphisms, age groups/genetic polymorphisms, skin color/genetic polymorphisms and genetic polymorphisms/comorbidities were analyzed by correlation with the c 2 test. To test correlations between these variables and the dosages of folic acid, vitamin B12 and Hcy, the Spearman correlation test was used, while correlations between two quantitative variables were tested by Pearson (normalized data) or Spearman (data not normally distributed) correlation tests.
Interactions among genetic polymorphisms in the results of serum levels of folic acid, vitamin B12 and Hcy were tested by multivariate analysis of variance (MANOVA), followed by the Tukey post hoc test. To calculate the odds ratio (OR), parameters were considered greater or lesser than the minimum reference limit, which were 3 ng/mL for folic acid and 150 pg/mL for vitamin B12 (Thame et al., 1998) ; for Hcy the parameter was considered > 12 mM (Vuckovic et al., 2013) .
RESULTS
Profile of patient sample
The sample consisted of 65 females and 20 males: 6 (7.1%) belonging to the age group of 14-19 years (all females), 59 (69.4%) aged 20-40 years (45 females and 14 males) and 20 (23.5%) aged 41-56 years (14 females and 6 males). Of these, 32 (37.6%) described themselves as white, 40 (47.1%) as mulatto ("pardo"), and 13 (15.3%) as black. Among the 65 females, 32 were using contraceptives during the event. The general profile of the patient sample is presented in Figure 1 . 
Distribution frequencies and population statistics of MTHFR and CBS polymorphisms
The genotype distribution of MTHFR C677T and A1298C, and CBS 844ins68 was in accordance with HWE (P > 0.05), while significant deviation from HWE was observed for CBS G919A (P < 0.05), due to the absence of homozygous mutant AA. Regarding CBS T833C (Dutta et al., 2005) , all patients with 68-bp insertion also carried the C allele (mutant), and its frequency was identical to the I allele of the CBS 844ins68 polymorphism (0.1765). There was a significant linkage disequilibrium only between the loci CBS 844ins68 and CBS G919A (P = 0.00729) ( Table 1) . P values were generated using statistical program Genepopweb version 4.2 (http://genepop.curtin.edu.au). Distribution frequencies of MTHFR and CBS polymorphisms in the total group and after stratification by gender, age group and skin color For the MTHFR C677T polymorphism, the frequency of the wild genotype (CC) was higher in the total group and females, but heterozygotes predominated in males, while for MTHFR A1298C the wild genotype predominated in both total and gender groups. For the CBS 844ins68 polymorphism, the presence of wild-type allele in homozygous was also more frequent, but for the CBS G919A, there was a predominance of heterozygous genotype (Table 2) .
Since all individuals with the insertion of 68 bp in exon 8 of the CBS 844ins68 polymorphism were also carriers of the C allele (mutant) of the CBS T833C polymorphism, only the data from the CBS 844ins68 polymorphism will be presented throughout this study.
The distribution frequency of genotypes by age group basically followed the same pattern, except for MTHFR C677T, where the range of 14-19 years showed a higher frequency of heterozygotes, although the sample size was only of 6 individuals (Table 3) . Analyzing by skin color, there were higher frequencies of the wild-type genotypes, except for the MTHFR C677T polymorphism, where the CT genotype predominated in mulatto ("pardo"); and for the CBS G919A polymorphism, where the GA genotype predominated in white and black patients (Table 4) .
Differences between genders, age group, skin color, and genotypes of MTHFR and CBS in serum levels of folic acid, vitamin B12 and Hcy
There was a significant difference between genders only for the homocysteine dosage, with higher Hcy levels observed for men (Table 5) .
No significant differences in the serum levels of folic acid, vitamin B12 and homocysteine were observed among age groups or skin colors (data not shown). The same was observed for MTHFR and CBS genotypes, although heterozygous for the MTHFR C677T, MTHFR A1298C and CBS 844ins68 polymorphisms had non-significantly higher levels of Hcy than other genotypes (Table 6 ). ng/mL= nanograms per milliliter; pg/mL= picograms per milliliter, mM= micromol per liter. Data are reported as means ± SE. P values were generated by the Mann-Whitney U test for the comparisons between the genders. 
Correlation tests
No correlation was found between gender/age group, gender/skin color, age group/ skin color, gender/genetic polymorphisms, age group/genetic polymorphisms or skin color/ genetic polymorphism. A positive correlation was detected between gender and Hcy levels (P = 0.000, Spearman's correlation coefficient = 0.389), where men had higher levels; and between gender and recurrence (P = 0.020; c 2 contingency coefficient = 0.245), where there was also a higher recurrence for males.
Regarding the serum levels of folic acid, vitamin B12 and Hcy correlated among themselves; with physical activity and comorbidities, several correlations were also found (Table 7) . 
Interaction between MTHFR and CBS polymorphisms in the serum levels of folic acid, vitamin B12 and homocysteine
MANOVA indicated significant interaction among MTHFR C677T, MTHFR A1298C and CBS844ins68 (P = 0.000), and the Tukey post hoc test detected significant differences between the genotypes CC and CT of MTHFR C677T (P = 0.000); AA and AC of MTHFR A1298C (P = 0.009); and DD and ID of CBS844ins68 (P = 0.002), where all heterozygotes had higher levels.
OR with 95% confidence intervals (CI)
A significant association with risk of recurrence was found for men, while decrease in this risk was found for women; physical activity was significantly associated with reduced risk of cerebral venous thrombosis (CVT). An increased risk for venous thrombosis was found for the MTHFR 1298CC carriers and homozygous mutants for the CBS haplotype 844ins68/T833C, while heterozygous for this CBS haplotype showed an increased risk for higher Hcy levels (Table 8) . 
DISCUSSION
Cross-sectional studies are advantageous due to their low cost, and there is practically no loss at follow-up. Besides, exposure to the factor or cause is present for the effect at exactly the time or time interval analyzed (Hochman et al., 2005) . Although cross-sectional studies are susceptible to selection bias and misclassification, as it is difficult to establish a putative "cause" (Sahebi et al., 2013) , this type of study is validated in the scientific literature and is one of the main study designs in classic clinical epidemiology (Hochman et al., 2005; Sahebi et al., 2013) . STROBE cross-sectional study guidelines were obeyed in this study, and any potential bias or imprecision, such as the use of a convenience sample and a relatively small sample size, among other minor issues, are discussed below.
Besides being a reference model, serving as a basis for comparison with more realistic models in which evolutionary forces may change allelic frequencies, the HWE adhesion test also evaluates whether chance alone could produce a deviation between observed and expected values (Hartl and Clark, 2010) . Since the P values in this study were >0.05 for the MTHFR C677T, MTHFR A1298C and CBS 844ins68 polymorphisms, we have no reason to reject the hypothesis that the genotype frequencies of the CBS T833C polymorphism are also in HardyWeinberg proportions, because this polymorphism segregates in cis with 844ins68 in carriers of the insertion (Franco et al., 1998; Dutta et al., 2005; Yakub et al., 2012) , corroborating our results. CBS G919A showed a significant deviation from HWE, but that was expected, since in the Brazilian population it seems to be rare, and only the wild-type GG genotype has been reported (Aléssio et al., 2008) .
Albeit frequent in different populations, the aforementioned polymorphisms show great ethnic and geographical variability (Sebastio et al., 1995; Franco et al., 1998; Franco et al., 1999; Dilley et al., 2001; Franco and Reitsma, 2001; Miranda-Vilela, 2012) . Therefore, it is important to know their frequency in our population and make comparisons with other populations, because our three-hybrid genetic mixture can influence the distribution of certain polymorphisms (Miranda-Vilela et al., 2010; Lordelo et al., 2012; Barbosa et al., 2014) .
The MTHFR C677T polymorphism has a high prevalence in the general population, with the frequency of heterozygotes in patients with thrombotic disease ranging between 33.6 and 51.9% in different ethnic groups (Markus et al., 1997; Morita et al., 1998; Harmon et al., 1999; Lalouschek et al., 1999; Fujimura et al., 2000; Hanson et al., 2001; Lopaciuk et al., 2001; Wu et al., 2001; Zhang and Dai, 2001; Li et al., 2002; Marcucci et al., 2003; He et al., 2010; Alves Jacob et al., 2011) . In Brazilian populations of the states of Goiás and Rio de Janeiro, this frequency has been reported around 34% (Rocha, 2009; Alves Jacob et al., 2011) , while in US patients of mixed ancestry with DVT (Hanson et al., 2001 ), a frequency of 46% was closer to and homogeneous with that found in our study.
For MTHFR A1298C, reports involving patients with thrombotic disease are rarer, and heterozygote frequency has been reported varying from 37.4 to 46% (Franco et al., 1999; Spiroski et al.. 2008; Soltanpour et al., 2011) , being the lowest frequency found in Brazilians (37.4%), especially mulattos ("pardo", 33.3%) (Franco et al., 1999) . Our results corroborate these findings, which showed that the frequency of heterozygotes (33%) in the total sample of patients varied with skin color and, considering each group separately, were found in 27.5% of mulattos, 37.5% of whites and 38.46% of blacks.
The frequency of CBS 844ins68 in heterozygosity in patients with arterial or venous thrombosis has been reported ranging from 0 to 37.7%, being rare in Native Americans (0.45%) and Asians (0-1.1%), intermediate in Caucasians (13.5-14.5%) and admixed populations (11.7 -14.9%), and higher in black (37.7%) (Franco et al., 1998; Tsai et al., 1996 Tsai et al., , 2000 Zhang and Dai, 2001; Marcucci et al., 2003; Bonini-Domingos et al., 2005) . On the other hand, despite the rarity of carriers of the insertion (I) allele reported for Asian patients, both heterozygous (34.48%) and homozygous (13.79%) for the mutant C allele of the CBS T833C polymorphism have been reported in Chinese patients with cerebral thrombosis (Shao et al., 2005) . Although apparently contradictory, because of segregation in cis with 844ins68 (Franco et al., 1998; Dutta et al., 2005; Yakub et al., 2012) , this may indicate interethnic differences among Asian ethnic groups in this CBS polymorphism, like those observed for African, Afro-American, European, and North American populations (Tsai et al., 1996; Franco et al., 1998; Pepe et al., 1999; Dutta et al., 2005) . In our study, the frequency of 844ins68/T833C heterozygotes was 28.2% in the total sample of patients, and was found in 25% of white patients, 27.5% of mulatto patients and 38.5% of black patients, considering each group separately. Although we did not conduct any studies of ancestry, these results confirm the great influence of our African ancestry even on Caucasian patients. As the population of Brasília is formed by migrants from all regions of Brazil, it tends to reflect the Brazilian population better than any other region (Miranda-Vilela et al., 2009 . Finally, although this study was conducted with a convenience sample, this was composed of patients attended at HBDF, which is a publichealth system center for the diagnosis and treatment of blood disorders in adults in Brazil's Midwest, attending a large geo-economic region (Barbosa et al., 2014) . Thus, our sample can be considered as representative of the population under study.
The CBS G919A polymorphism has been reported together with CBS T833C as prevalent in clinical cases of homocystinuria (Hu et al., 1993; Sebastio et al., 1995; MirandaVilela, 2012) , but reports on the former in association with mild to moderate elevation of plasma Hcy and/or thrombosis show it to be rare and mostly found among Asian patients (Shao et al., 2005) , whose frequencies are different and non-homogeneous with that found in our study. Therefore, our research may provide support not only for more individualized but also more effective treatment for thrombosis patients that do not present deficiency of protein C, S or antithrombin activity, resistance to activated protein C, APS or other parameters cited in the exclusion criteria of this study, as discussed below. Acquired or inherited deficiencies in both the Hcy remethylation pathway and trans-sulfuration pathway result in elevated plasma levels of this amino acid (Franco, 2001; Franco and Reitsma, 2001; Marcucci et al., 2003) . In the remethylation pathway, MTHFR catalyzes the irreversible conversion of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, the primary circulatory form of folate, which serves as a methyl donor for Hcy remethylation to methionine (Weisberg et al., 1998; Miranda-Vilela, 2012; Miranda-Vilela and Lordelo, 2013) , which in turn is converted to S-adenosylmethionine (SAM) that methylates speciðc cytosines in DNA, regulating gene transcription through methylation (Miranda-Vilela, 2012; Miranda-Vilela and Lordelo, 2013) . Thus, higher levels of Hcy have been associated with the presence of the MTHFR C677T polymorphism, which results in thermolability and reduced activity of the MTHFR enzyme (Li et al., 2003) . The second polymorphism, A1298C, has been reported as not leading to a severe enzyme deficiency or elevated Hcy when found alone (Blom, 2000; Miranda-Vilela, 2012) . However, our OR results showed a 1.7-fold risk for venous thrombosis for MTHFR A1298C, but not for MTHFR C677T. As the A1298C polymorphism lies in the S-adenosylmethionineregulatory domain of the enzyme, folate affects gene expression, regulating cellular SAM levels (Miranda-Vilela, 2012) . Since the folate status of our patients was normal (10.12 ± 4.78), these apparently divergent findings may be partly explained by the small sample size of the MTHFR 1298 CC genotype in this study, and because of this, the large confidence interval, but also by ethnic differences and geographical variability.
CBS is the first key enzyme of the homocysteine trans-sulfuration pathway; it catalyzes the condensation of Hcy with serine to form cystathionine and, ultimately, cysteine (Song et al., 2006; Miranda-Vilela, 2012) . Consequently, the mild impairment of enzyme function can affect homocysteine concentration (Song et al., 2006) . While homozygous deficiency of CBS is rare, heterozygous deficiency is relatively common and leads to moderate elevation of Hcy (Miranda-Vilela, 2012) . Although CBS 844ins68 alone has been reported as not seeming to influence Hcy levels (Franco and Reitsma, 2001) , our OR results showed a 5.9-fold risk for Hcy levels greater than 12 mM for patients heterozygous (ID) for the insertion. Albeit apparently contradictory, these results corroborate previous association between the CBS T833C heterozygous carriers affecting Hcy concentration (Kelly et al., 2003) . Moreover, CBS 844ins68 in heterozygosity has been found with increased frequency among patients with DVT, suggested a probable risk factor for developing the disease (Bonini-Domingos et al. 2005) and, corroborating this, our results showed a 2.49-fold risk for venous thrombosis for patients homozygous for the insertion (II). However, due to the low frequency of the mutant I allele and, thus, the small sample size mainly of homozygous carriers and consequently the large confidence intervals, these need to be further investigated.
On the other hand, although there were no significant differences in the serum levels of Hcy among the MTHFR and CBS genotypes when analyzed alone, the interactions among MTHFR C677T, MTHFR A1298C and CBS844ins68 polymorphisms were significant, corroborating the multifactorial phenotype of the thrombosis (Chan et al., 2008; Guimarães et al., 2009; Miranda-Vilela, 2012) , where each gene locus has a small but consistent contribution, and different mutations in different genes interact with each other and with environmental factors to cause the event. Hcy levels in the inherited hypercoagulable phenotypes are a good example of the challenges faced, as discussed below.
It has been reported that CBS 844ins68 in combination with MTHFR C677T may result in increased risk of thrombosis (Blom, 2000; Franco and Reitsma, 2001; MirandaVilela, 2012) . Our results corroborate these findings, adding the MTHFR A1298C contribution in this regard. Since 1) studies which jointly assess the CBS 844ins68 and MTHFR C677T polymorphisms in patients with thrombotic disease are rare (Zhang and Dai, 2001; Marcucci et al., 2003; Alves Jacob et al., 2011) ; 2) studies which jointly evaluate the MTHFR C677T and A1298C polymorphisms in these patients are still rarer (Hanson et al., 2001) ; and 3) there are no studies jointly evaluating the influence of MTHFR C677T, MTHFR A1298C, CBS 844ins68/T833C and CBS G919A on serum levels of folic acid, vitamin B12 and Hcy, our study is unprecedented and can help to better understand the role of these polymorphisms as a risk factor for the manifestation of thrombotic events. Interactions among MTHFR C677T, MTHFR A1298C and the haplotype 844ins68/T833C achieved significant results for Hcy values, confirming the importance of genetic influences as determinants of Hcy levels (Tsai et al., 2000) , where interactions among these polymorphisms may affect serum levels of Hcy, and multiple heterozygosis may be a risk factor indicator for vaso-occlusive episodes. Although the sample size of variant homozygous for each polymorphism was very small and no variant homozygous for the three polymorphisms were detected, this suggestion is still supported by the fact that a single patient who presented the heterozygosis for the three loci had elevated serum Hcy values (63.6 mM) (data not shown).
Clinically, hereditary thrombophilia usually manifests with: a) increased predisposition to recurrent thrombosis; b) family history of thrombotic events; c) early occurrence (before 50 years old); d) migration or diffuse thrombosis or unusual site, e) disproportionately severe thrombotic event in relation to the triggering stimulus (Franco, 2001; Franco and Reitsma, 2001; D'Amico, 2003; Guimarães et al., 2009) . Also, surgery is one of the classical risk factors for VTE (Franco and Reitsma, 2001) , while physical activity decreases it (van Stralen et al., 2007) . Because thrombophilic defects can cause various obstetric complications, such as difficulty in getting pregnant, complicated pregnancies, fetal growth retardation, abortions and fetal loss (D'Amico, 2003) , and use of oral contraceptives is one of the classical risk factors for VTE (Franco and Reitsma, 2001) , the profile of the sample was also investigated in these respects.
Our study also showed influence of gender on Hcy levels, where values were significantly higher in men, even with a much smaller sample size than that of women, where contributions to this variation may be plasma cobalamin, creatinine and fat-free mass and estradiol (Dierkes et al., 2001 ). Although our research did not measure these, our results were consistent with those seen in other studies in which the dosage of Hcy was higher in men than in women (Dierkes et al., 2001; Jacques et al., 2001; Ardawi et al., 2002; Kafai, 2003, 2006) . Also, although the sample size of men was much smaller than those of women, results corroborate findings of increased risk of recurrent thrombosis for males (Christiansen et al., 2010) , indicating that this risk may be associated with increased Hcy for men.
On the other hand, our sample presented more women than men with thrombosis. Since the family event of thrombosis before 50 years old, physical activity and surgeries were comparatively smaller in women than in men, this could be explained not only by environmental risk factors such as contraceptive use, but also by the fact that women are more likely than men to develop DVT. Indeed, this is a risk that increases with age (Goldstein et al., 2008) , since 69.4% of women belonged to the age-group of 20-40 years, and 23.5% to the age group of 41-56 years. As genetics also plays an important role, it is important to remember that this study was performed with 65 females and 20 males. So, the significant results of the interactions among the MTHFR C677T, MTHFR A1298C polymorphisms and the haplotype 844ins68/T833C in the Hcy levels could depend mainly on females. This could also indicate that reference values of Hcy levels in the thrombosis risk events should be revised, mainly for those women with environmental risk factors (and particularly for those heterozygous for these polymorphisms).
While the assessed constitutional factors exhibit association with thrombotic process, physical activity can reduce the risk of venous thrombosis (van Stralen et al., 2007) , corroborating our findings of a significant reduction in the risk of thrombosis with physical activity for patients with CVT.
Arterial and venous thromboses have traditionally been viewed as distinct conditions, with differences in risk factors, pathology and treatment (Lowe, 2008; Previtali et al., 2011) . So, the inverse correlations obtained in this study with venous and arterial thrombosis were expected. The positive correlation between surgery and retinal thrombosis also corroborates the literature, since retinal vein occlusion has been reported as a rare complication after anesthesia and surgery (Grover and Jangra, 2012) , and its pathophysiology is related to the development of a thrombotic occlusion (Wong and Scott, 2011) .
CONCLUSION
In conclusion, thromboses are events of multigenic and multifactorial etiopathogenesis, where the risk of disease manifestation associated with each single genetic alteration is relatively low, but the presence of mutations in several genes significantly increases this risk. Our results indicated that interactions among the MTHFR C677T, MTHFR A1298C and CBS haplotype 844ins68/T833C can affect serum levels of Hcy, where multiple heterozygosis could be a risk factor for vaso-occlusive episodes.
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